Motivated by the recent LHCb measurements of charmless three-body decays of B 
that the branching fractions are very sensitive to the scalar density Kπ|sq|0 . Furthermore, the resonant contributions are dominated by the scalar poles K * 0 (1430). We hope that these branching fractions could be measured separately in the experiments so as to test the factorization approach. Moreover, the direct CP asymmetries of these decays are also explored, which could be measured in the running LHCb experiment and Super-b factory in future.
Introduction
In the recent years, the charmless three-body decays of B mesons have being attached more attentions, because by studying them one can determine the Cabibbo-Kabayashi-Maskawa (CKM) parameters or search for the possible new physics effect beyond the standard model. For example, the Dalitz-plot analysis combined with flavor SU(3) symmetry allows us to extract the angle γ cleanly from B → Kππ and B → KKK decays [1, 2, 3] . However, the three-body decays of B mesons are more complicated than the two-body cases, because both resonant (vector or scalar)and nonresonant contributions are involving the hadronic matrix elements. The interference between resonant and nonresonant amplitudes makes it rather hard to disentangle these distinct contributions and extract the nonresonant one, it is very difficult to measure the direct three-body decays. Over the recent years, thanks to the two B factories and LHCb experiment, remarkable progress in measuring the branching fractions and direct CP asymmetries of the three-body decays could be made using the Dalitz-plot analysis (for a review see ref. [4] ).
In the theoretical side, the charmless three-body decays of heavy mesons have been studied using different approaches, such as the factorization approach (FA) [5, 6, 7, 8, 9, 10, 11, 12, 13] , diagram approach combined with SU(3) symmetry [14, 15, 16, 17] , perturbative QCD approach [18] , and others [19, 20, 21] . FA, based on the phenomenological factorization model has been applied in calculating three-body decays of heavy meson widely, although factorization has not been proved in the three-body decays. Within the FA, the predicted branching fractions and direct CP asymmetries of B → P P P decays [9, 10, 11, 12, 13] agree with the experimental data well, except for decay
We will review the FA briefly by taking B − → π + π − π − as an example. Under the FA, the amplitude of decay B − → π + π − π − is separated into three distinct factorizable terms: (i) the current-induced process with a meson emission,
and (iii) the annihilation process
matrix element. One of the nonresonant contribution due to B − → π + π − has been studied on the basis of the heavy meson chiral perturbative theory (HMChPT) [22, 23, 24, 25] . However, it could lead to large branching fraction (O(10 −5 )) [5, 6] , which disagrees with the experimental data (5.3×10 −6 ) from BaBar [26] .
In fact, this issue can be understood considering the applicability of the HMChPT. When the HMChPT is applied to three-body decays, two of the final-state pseudoscalars should be soft. If the soft meson result is assumed to be the same in the whole Dalitz plot, the decay rate will be greatly overestimated. To overcome this issue, Cheng et al. proposed in refs [10, 11, 12, 13] to parameterize the momentum dependence of nonresonant amplitudes B → P P in an exponential form e −α NR pB ·(pi+pj ) so that the HMChPT results are recovered in the soft pseudoscalar meson limit. The tree-dominated B − → π + π − π − decay data is used to fix the unknown parameter α NR . Besides from the current-induced process, the matrix elements π + π − |qγ µ q|0
and π + π − |dd|0 also receive nonresonant contributions. In principle, the weak vector form factor of the former matrix element can be related to the charged pion electromagnetic (e.m.) form factors. However, unlike the kaon case, the time-like e.m. form factors of the pions are not well measured enough allowing us to determine the nonresonant parts. Therefore, the nonresonant contribution to π + π − |qγ µ q|0 is always ignored. The matrix element π + π − |dd|0 is related to K + K − |ss|0 via SU(3) flavor symmetry. As for the resonant contributions to three-body decays, vector and scalar resonances contribute to the two-body matrix elements P 1 P 2 |V µ |0 and P 1 P 2 |S|0 , respectively. They can also contribute to the three-body matrix element P 1 P 2 |V µ − A µ |0 . Resonant effects are described in terms of the usual Breit-Wigner formalism. In this manner, the relevant resonances which contribute to the 3-body decays of interest could be figured out.
In conjunction with the nonresonant contribution, the total rates for three-body decays are well calculated.
Very recently, corresponding to an integrated luminosity of 1.0 fb −1 recorded at a centre-of-mass energy of 7 TeV, LHCb published their first measurements of the branching fractions of three-body decays of B 0 s meson [27] as following:
Since these decays have never been explored before , we willcalculate the branching fractions in this work using the FA proposed by Cheng et.al. so as to test FA in B s decays. The resonant and nonresonant contributions of these decays will be studied, which are important in determining the branching fractions of B s → KV and B s → KS experimentally. Furthermore, we will calculate the CP asymmetries of these decays, which may be helpful to extract the CKM angle γ. All results could be checked in the current LHCb experiment and Super-b factory in future.
In the following work, we will systematically use the FA to calculate the B 2 Analytic Formalism
The Effective Hamiltonian
Under the factorization hypothesis, the matrix elements of the decay amplitudes are given by 
In the above coefficients, the strong phases are from vertex corrections and penguin contractions, which have been calculated within the QCD factorization approach [29] .
With the effective Hamiltonian and the equation of motion, we obtain the B 0
where r
because of isospin symmetry. Besides, the matrix element meson is annihilated into vacuum and a final state with three mesons is then created, as shown the last two term in above equation. However, from the results of B → P P P decays, the contributions from annihilations are fairly small, so we will ignore them in the numerical calculations in the current work.
For the current-induced process, the three-body matrix element
The form factors ω ± and r have the expressions as [25] 
where
g is a heavy-flavor independent strong coupling which has been extracted from the CLEO measurement of the D * + decay width [30] , |g| = 0.59 ± 0.01 ± 0.07. In this work, we also follow [22] to adopt its sign to be negative. Thus, we drive the current-induced amplitude as:
As stated in the Sec.1, the exponential form e −αNRpB ·(p1+p2) is introduced so that the HMChPT results are recovered in the soft meson region and α N R = 0.081
which is constrained from the tree dominated decay
The unknown strong phase φ 12 is set to be zero for simplicity.
In this decay mode, vector meson (K * ) and scalar resonances (K * 0 (1430)) also contribute to the threebody matrix element
, which effects are described in terms of the usual Breit-Wigner formalism. So, we have the expression as
where we have ignored the contribution of K * (1410), K * (1680), · · · . Hence,
with
. In above formulaes, the definitions of decay constants and form factors are referred to the Refs. [13, 31, 32] .
For the transition process, because the time-like e.m. form factors of two pions have not been measured well, we will ignore the nonresonant contributions and only consider the contributions from the vector and scalar mesons. Hence, the amplitude of the transition process is read as
with the definition of the form factor F
For the scalar meson f 0 (980), we will consider it as the conventional qq, though the quark structure of the light scalar mesons below or near 1 GeV has been quite controversial. Because some experimental evidences indicate that f 0 (980) is not purely an ss state [33] , we write the flavor wave functions of the f 0 (980) as:
with nn ≡ (ūu +dd)/ √ 2. Experimental implications for the mixing angle have been discussed in detail in [34] . Assuming 2-quark bound state for f 0 (980), the observed large rates of B → f 0 (980)K and f 0 (980)K * modes can be explained in QCDF with the mixing angle θ in the vicinity of 20
• [35] . So, we use θ = 20
• in this work.
B
For the current-induced process with a kaon emission, the form factors r and ω ± for the three-body matrix
s evaluated in the framework of HMChPT are similar to that of Eq.(9) except that f π is replaced by f K . This process also receives the contributions of vector (φ) and scalar (f 0 ) resonants
For the transition amplitude, in addition to the b → u tree transition, we need to consider the nonresonant contributions to the b → s penguin amplitude
We firstly calculate the two-kaon creation matrix element A 1 , which could be expressed in terms of the time-like kaon current form factors as
The weak vector form factor F
is related to the kaon electromagnetic (e.m.) form factors F
Phenomenologically, the e.m. form factors receive resonant and nonresonant contributions and can be expressed by
It follows from Eqs. (23) and (24) that
where the isospin symmetry has been used. The resonant and nonresonant terms can be parameterized as
, respectively. Since their expressions have been given explicitly in Refs. [10, 11, 12 , 13], we will not list them here. With the equation of motion, we thus obtain:
In A 3 , although the nonresonant contribution vanishes as both K + and K − do not contain the valence d ord quark, this matrix element does receive the contribution from the scalar f 0 pole,
which leads to
For the equations A 2 and A 4 , the contributions from nonresonant could be parameterized as F N R and f
N R d
respectively by using SU (3) symmetry The formulae of f
is expressed and discussed in detail in [13] .
After calculation, we obtain
given as :
For the current-induced processes, the three-body matrix elements Kπ|(qb) V −A |B 0 s have the similar expressions as Eqs. (9) and (10) . Furthermore, these process also receive resonant contributions, which could be written as, for example,
For the two-body matrix element K − π + |(sd) V −A |0 , we note that
The resonant contributions are expressed by:
Hence, form factors F 
As a result, the amplitude
where the momentum dependence of the weak form factor F Kπ (q 2 ) is parameterized as
with Γ R = 200 MeV [9] being the width of the relevant resonance and Λ χ = 0.83GeV being a chiral symmetry breaking scale.
For the term Kπ|sd|0 , it receives contributions of both resonant and nonresonant, the expression of which is shown as
In the above equation, the unknown two-body matrix elements of scalar densities Kπ|sq|0 is related to (3) symmetry, e.g.
with the expression of f
N R s
given as
where σ NR = e iπ/4 (3.36
. If we adopt this value directly, we will get unexpected large branching fractions of B 0 s → K S K ∓ π ± , which means that final states interaction and SU (3) symmetry violation may be important. Thus, we phonologically introduce a factor β = 0.8 ± 0.1, which stands for the effects of final states interaction and SU (3) symmetry violation. While in Ref. [13] , a strong phase has been also introduced in order to describe this effects. As a result, we could obtain:
Numerical Results
To proceed with the numerical calculations, we firstly specify the parameters used in this work. For the CKM matrix elements, we use the updated Wolfenstein parameters A = 0.823, λ = 0.22457,ρ = 0.1289 and η = 0.348 [36] . The corresponding CKM angles are sin 2β = 0.689 ± 0.019 and γ = (69.7
• . The form factors used in this work are from refs. [37, 38, 39] , which are summarized as follows 
In practical calculation, we shall assign the form factor error to be 0.03. For the strong coupling constants, most of them have been determined from the measured partial width in refs. [12, 13] , which are shown as 
With above parameters and formulas in Sec.2, we calculated the branching fractions of resonant and nonresonant contributions to concerned decay modes and presented them in Table. 1. The theoretical errors are from the uncertainties in (i) the parameter α NR which governs the momentum dependence of the nonresonant amplitude, (ii) the strange quark mass m s , the form factors, the nonresonant parameter σ NR and SU (3) asymmetry violation parameter β, and (iii) the unitarity angle γ.
From Table. 1 we see that the decay B 
Noted that this decay is governed by the nonresonant background dominated by σ NR , hence this decay mode could be an ideal plat for constraining the unknown parameter σ NR in turn. Experimentally, however, no significant evidence of this decay mode has been obtained, and its branching fraction is described in (0.2 − 3.4) × 10 −6 at 90% confidence level (CL) based on the CL inferences in Ref. [41] . Obviously, the result we predicted is falling into the experimental range. We hope this decay will be measured precisely in the current LHCb experiment. The results of above two decay modes also confirm the conclusion that nonresonant decays play a prominent role in the penguin-dominated three-body B meson decays in Ref. [12] .
For the decay B for three-body decays may well be larger. However, in the current work we use the phenomenological factorization model rather than in the established theories based on a heavy quark expansion. Consequently, uncertainties due to power corrections, at this stage, are not included in our calculations, by assumption. In view of such shortcomings we must emphasize that the additional errors due to such model dependent assumptions may be sizable.
In this work, the CP asymmetries of these four decays are also calculated, and the results are summarized in Table. 2. We see from the table that the decay B 0 s → K 0 K + K − has large CP asymmetries with and without resonant contributions. Noted that the two asymmetries have same sign, because this decay is dominated by the nonresonant background, which can also be read from Table. 1. For other three decays, the resonant contributions are much larger than the nonresonant contribution, they may affect the CP asymmetries through taking large strong phases. In fact, the strong phases could arise from the effective 
Summary
Recently, LHCb published the measurements of charmless three-body decays of B branching fractions are very sensitive to the scalar density Kπ|sq|0 . We hope these branching fractions could be measured separately in the experiments so as to test the factorization approach in three-body decays of B mesons. Moreover, the direct CP asymmetries of these decays are also explored, and the sizable results could be measured in the running LHCb experiment and Super-b factory in future.
